Modeling and simulation has been increasingly applied to spectroscopic study over the last decade. Modeling is the process of producing a model; a model is a representation of the construction and working of some system of interest. A model is similar to but simpler than the system it represents. One purpose of a model is to enable the analyst to predict the effect of changes. A simulation of a system is the operation of a model of the system. The model can be reconfigured and experimented with, usually, this is impossible, too expensive or impracticable to do in the system it represents. The operation of the model can be studied, and hence, properties concerning the behavior of the actual system or its subsystem can be inferred. In its broadest sense, simulation is a tool to evaluate the performance of a system, existing or being proposed, under different configuration of interest and over long periods of real time.
L. Huang The simulation of the LiMn 2 O 4 oxide lattice was performed using two-body potentials for Mn-O, Li-O and O-O interatomic interactions. The shell model parameters were refined to achieve the best fit of predicted wave numbers of Raman and infrared active vibrations to experimentally observed ones. These potential and shell model parameters are given in Table 1 . The calculated lattice parameters and atomic positions for LiMn 2 O 4 , after energy minimization to generate a relaxed equilibrium structure, are shown in Table 2 . The data show excellent agreement with the experimentally observed structure ( Table 2) .
The calculated and observed wave numbers, symmetry species and optical activities of the lattice vibrations for LiMn 2 O 4 are given in Table 3 . The assumption made for this lattice is that cations and O anions are completely ordered. The number of lattice phonons and their symmetry species agree with factor group analyses for the primitive rhombohedral Bravail cells [6] . For LiMn 2 O 4 , there are 39 phonons distributed as:
As shown in Table 3 , the calculations predict five Raman active modes for LiMn 2 O 4 , one of A 1g symmetries, one of E g symmetries and three of T 2g symmetries. The Mn ions are motionless for all of the eigenvectors. The A 1g and E g vibrations involve only oxide ion displacements. The T 2g (2) and T 2g (3) phonons are characterized by large oxygen motions and very small Li displacements, but the lowest energy T 2g (1) phonon derives predominantly from a vibration of the Li sublattice.
The experimental Raman data for the LiMn 2 O 4 bulk phase consist of a series of broad bands between 300 and 700 cm Table 3 , the calculations predict that four vibrational modes will appear in the infrared spectrum of LiMn 2 O 4 . Two higher wave number modes at 517 and 633 cm −1 are attributed to T 1u (3) and T 1u (4) , and two lower wave number modes at 287 and 383 cm −1 are ascribed to T 1u (1) and T 1u (2) . Experimentally, the former , easily resolved in the mid-infrared region. The latter two modes at 287 and 383 cm −1 are discerned as a weak band at 277 cm −1 and a shoulder band at 360 cm −1 , respectively. Modeling and simulation is of significant importance in spectroscopic study. In the absence of single-crystal data, it is difficult to assign Raman spectroscopic bands of matters to modes of different symmetries. Although infrared spectra of matters have been reported in numerous studies, the interpretations have been mainly limited to empirical comparisons. There is considerable uncertainty in the assignment of bands observed, especially with complex spectra consisting of multiple bands and/or overlapping bands. Therefore, it is really necessary to predict spectroscopic bands of matters by group theory. There is a need of theoretical models to simulate and understand spectroscopic data of matters.
As seen in

